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Abstract
Two geographical races have been established within the Berteroetum incanae in Europe. The Galium
mollugo race of the Berteroetum incanae is characteristic of the western part of the distribution area of the
association whereas the releves from the eastern part of Europe are classified äs the Acosta rhenana race of
the Berteroetum incanae. Adventitious Berteroetum incanae from the Netherlands has been shown to be a
separate subunit within the Galium mollugo race of the Berteroetum incanae.
Introduction
Berteroa incana is a biennial rosette herb produc-
ing a high number of viable seeds. It is a competitive
ruderal (sensu Grime, 1979). Phytosociologically it
is limited to the order Onopordetalia, and especial-
fy the alliance Dauco-Melilotion. Communities in
which Berteroa occurs äs a dominant are found in
many parts of Europe, though not very frequently.
In this paper attention will be focussed on the geo-
graphical differentiation of these Communities.
* A number of phytosociological releves has been used by
courtesy of Th. Müller, NUrtingen, F. Runge, Münster, V. West-
hoff, Nijmegen, H. Lienenbecker, Steinhagen, H. Passarge,
Eberswalde, W. Nezadal, Erlangen, W. Kunick, Stuttgart, F.
Grüll, Brno, I. Jarolimek and M. Zaliberovä, both Bratislava.
For valuable comments on the manuscript we are indebted to V.
Westhoff, E. van der Maarel, R. Neuhäusl and J. J. Barkman.
The English of an earlier Version of the manuscript has been
kindly corrected by Mr Henry Moreton.
** The nomenclature of species follows Tutin et al. (1964-1980)
with some changes according to Smejkal (1980).
*** AcknoH-ledgement. The work of the senior author was part-
ly supported by the University of Nijmegen Research Fellowship
in Biology 1980/1981.
Material and methods
From Austria, Bulgaria, Czechoslovakia, Den-
mark, Federal Republic of Germany, German De-
mocratic Republic, The Netherlands, Federal Re-
public of Germany, Poland and Roumania 211
releves of Berteroa incana Communities have been
collected and combined into local rather homo-
toneous tables. With the aid of a Computer these
have been arranged into a synoptic table, in which
species occur with their constancy class values. In
columns representing local tables with less than 5
releves the species are indicated by their real pres-
ence values. Condensed local tables (constancy
values only) have been added to the synoptic table
afterwards.
Syntaxonomical handling was accomplished by
traditional methods of the Braun-Blanquet ap-
proach (Braun-Blanquet, 1964; see also Westhoff &
van der Maarel, 1978). The columns in the table
have been ordered from west to east in Europe.
Centaureo diffusae-Berteroetum tables were added
at the end of the synoptic table.
The numerical handling of the data includes nu-
merical classification and ordination techniques.
Ward's method (WM; Sum-of-squares clustering
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sensu Orlöci, 1967) and Complete linkage cluster-
ing (CLC; see Sneath & Sokal, 1973 for details)
have been adopted äs numerical classification me-
thods. The original abundance and cover values of
the Braun-Blanquet scale have been transformed
according to ordinal transformation of van der
Maarel (1979). The computation was performed
with the CLUSTAN IC package of Wishart(1978).
Euclidean distance (ED) with WM and Similarity
ratio (SR) with CLC (see Wishart, I.e. for further
Information) were used äs resemblance functions.
Reciprocal averaging (RA; Hill, 1973, program
DECORANA, Hill, 1979) is the ordination tech-
nique used. Comparisons between classifications
have been performed using Goodman-Kruskal
coefficient of association (Goodman & Kruskal,
1954) and the program GOODM (Goldstein & Gri-
gal, 1972).
Results
Syntaxonomy
On the basis of the Braun-Blanquet approach
two associations were established within the en-
semble of Berteroa incana communities (Table l
see Appendix): Berteroetum incanae Sissingh et
Tideman in Sissingh 50 and Centaureo diffusae-
Berteroetum Oberdorfer 57.
Stands of the Berteroetum incanae are usually
dominated by Berteroa incana, sometimes also by
A costa rhenana (in eastern Europe). They have two
or three layers. Besides the dominating species also
Plantago lanceolata, Reseda lutea, Silene alba,
Echium vulgäre and Lolium perenne form the
upper herb sublayer. Some grasses reach äs high äs
l m (Agropyron repens, Arrhenatherum elatius)
and locally form another, third, rather loose sub-
layer. Some other tall herb species are found either
in a vegetative stage (rosette) of the specimens of
lower vitality. The lowermost sublayer is composed
of dwarf or procumbent herbs äs Medicago lupuli-
na, Alyssum alyssoides, Sedum sexangulare and
Arenaria serpyllifolia. In some place also a moss
layer is found, usually including Bryum argenteum,
Brachythecium albicans, Hypnum vaucheri and
Rhacomitrium canescens.
The Berteroetum incanae colonizes well-drained,
warm sandy to loamy (loess) soils of moderate ni-
trogen supply. The Community occurs in very spe-
cial habitats in the western pari of its area, where it
is restricted to docks and railway stations and more
or less dependent on the steady supply of adventi-
tious species. Originally, the Community was des-
cribed from tips near corn-mills in the south and
southeast Netherlands. Recently it started spread-
ing here along roads on sandy soils. On sandy soils
it also occurs in Lower Saxony, the northern part of
Franconia, Brandenburg and Mecklenburg. The
habitats of the Berteroetum incanae in eastern Eu-
rope are more diverse. They are most frequently
found on moderately alkalic soils along roads, on
abandoned places of various origin, very often on
loess slopes and river dykes or in limestone quarries
(Mucina, 1981b).
Berteroa incana is considered the only character-
species of the association Berteroetum incanae,
with its Optimum fidelity in western Europe.
Though not dominant, Berteroa incana is quite
common in other Dauco-Melilotion and Onopor-
dion communities in eastern Europe (e.g. Gutte,
1972; Gutte & Hilbig, 1975; Kepczynski, 1975;
Czaplewska, 1980; Mucina, 1981a, b).
According to the geographical Variation the
Community can be divided into two subunits. The
Galium mollugo race is characteristic of the
northwestern part of the area (The Netherlands,
Denmark, northern and western parts of F.R.G., a
part of East Germany). Holcus lanatus, Cerastium
arvense, Carduus nutans, Lamium album, Senecio
vulgaris etc. are differentials for the unit.
The A costa rhenana race, from Czechoslovakia,
Poland, Hungary and the Balkans, is differentiated
by a large number of species, particularly of (sub)-
continental distribution (Table 1), many of which
are shared with the Centaureo-Berteroetum.
Since all differential species except Cichorium
intybus and Crepis rhoeadifolia have their sociolog-
ical Optimum in other syntaxa than in the Dau-
co-Melilotion alliance, the units discussed here are
not considered äs regional associations, but äs geo-
graphical races (sensu Oberdorfer, 1957, 1968;
Werger & van Gils, 1976; Westhoff & van der Maa-
rel, 1978).
In western Europe the Berteroetum incanae oc-
curs in contact with Arrhenatheretalia communi-
ties, whereas in eastern Europe it is more frequently
found in contact with the Festuco-Brometea and
Sedo-Scleranthetea (Festucetalia valesiacae and
Sedo-Scleranthetalia).
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As a rule the dominant species of the Centaureo
diffusae-Berteroetum is Acosta diffusa (= Centau-
rea diffusa), Berteroa incana being a sub-dominant.
The Stands of the Community are rather large in size
(Oberdorfer, 1957), and rather open (50% average
cover (Seybold & Müller, 1972).
The Community occurs in particular along rail-
ways and at railway yards, on well-drained sandy
soils with high amounts of ash and dross (Gutte &
Milbig, 1975; Sowa, 1975). As the sites are exposed
to direct sun irradiation, the temperature of the
substratum can become rather high. This favours
not only the dominance of Acosta diffusa, but also
the occurrence of other adventitious species äs Li-
naria genistifolia, Psyllium scabrum, Salsola kali
subsp. ruthenica äs was observed in West and Hast
Germany(Oberdorfer, 1957; Gutte& Hilbig, 1975).
All these species are known to be thermophilous.
The community äs a whole seems to be adventitious
throughout its distribution area.
Synecologically, the community is related to the
group of communities dominated by Salsola kali
ssp. ruthenica, Psyllium scabrum and Corisper-
mum species. According to Oberdorfer (1957) there
are syndynamical relations between the Centaureo
diffusae-Berteroetum and the Festuco-Sedetalia
and Festuco-Brometea. The Centaureo diffusae-
Berteroetum is documented from West Germany,
West Berlin, Hast Germany and Poland (see Ap-
pendix). Acosta diffusa is a regional character-spe-
cies of the association. Differential species against
the Berteroetum incanae include Psyllium sca-
brum, Lepidium densiflorum, Oenothera parviflo-
ra and Herniaria glabra. The segregation is streng-
thened by the absense of differential species against
the Berteroetum incanae (Silene alba, Dactylis
glomerata, Urtica dioica etc.). This group is largely
composed of nitrophilous and mesophilous species,
mostly of Arrhenatheretalia and Sisymbrietalia.
Cluster anatyses
The first cluster dichotomy of WM (Fig. 1) splits
the Dutch releves of Sissingh (1950) and the rest of
the material. Phytosociologically cluster H repres-
ents the Berteroetum incanae releves on which the
original description of the syntaxon has been based.
The second dichotomy yields two clusters: D and B.
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Fig. 1. Dendrogram of Ward's clustering method. Only the upper pari of the hierarchy is shownfstarting with 26 clusters). The numerals
below the dendrogram indicate: total number of releves, No. of the western race releves, No. of the eastern race releves, No. of the
Centaureo-Berteroetum releves in a starting cluster resp. B - the mixed cluster of the eastern and western race records; CB - the
Centaureo- Berteroetum cluster; WB - the cluster of intermediate local tables (Berlin, Bavaria, etc.); H - the cluster of records from The
Netherlands.
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The former one is composed of two subclusters, viz.
CB and WB. The cluster CB is entirely composed of
the Centaureo diffusae-Berteroetum releves. It
comprises 90% of all Centaureo-Berteroelum re-
leves analyzed. The dendrogram branch 17 repres-
ents the Centaureo-Berteroetum from a part of
Poland (the district of Lublin and the surroundings
of Lodz), the others within the cluster CB are com-
posed of releves coming from Wroctaw (Poland),
West Berlin and southern F.R.G. The cluster WB
comprises two local tables of the Berteroetum inca-
nae s.Str., namely those from West Berlin (the
branches 20, 21; Fig. 1) and Bavaria (the branches
22, 23; Fig. 1). These correspond to the columns 14
and 11 of Table l resp. The tables come from the
region where the two races of the Berteroetum in-
canae co-occur. Nevertheless, according to the
overall floristic composition these local tables have
been placed into the eastern race of the Berteroetum
incanae.
The largest cluster B is a mixture of releves of
both Berteroetum incanae races. From the phyto-
sociological point of view a somewhat clearer pat-
tern arises on the level of the subclusters Bb B2 and
B3 within B. Cluster B,, although composed mostly
of the eastern race releves, remains heterogeneous.
Cluster B2 is homogeneous. Cluster Bj is also hom-
ogeneous.
The pattern in the WM dendrogram on the 4-
cluster level, reasonably corresponds to that of the
CLC (Fig. l and 2, Table 2).
Holland
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Fig. 2. Reciprocal averaging ordination plane (l st/ 2nd axes). Füll circles - E race; empty circles - W race; asterisks - Centaureo-Berte-
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Table2. Goodman-Kruskal comparisons of classifications of
the Berteroa incana communities
1 Syntaxonomical classification
2 Complete linkage clustering
3 Ward's method
1 2
x 0.395
X
3
0.400
0.727
X
Ordination
An ordination of the total data set produced a
typical horseshoe on the ordination plane of axes l
and 2. The bulk of releves have been concentrated
around the joining of the two wings of the horse-
shoe. The wings themselves include outlying Cen-
taureo-Berter oetum respectively of A cos t a rhe-
nana-dominated releves. After removing the out-
liers the subsequent ordination revealed a much
clearer pattern. Some of the Centaureo-Berteroe-
tum releves are outliers being scattered along the
positive side of axis 2. The geographical races of the
Berteroetum incanae are separated along a diago-
nal (Fig. 3). The releves from The Netherlands are
separated from the Acosta rhenana race along ax-
is l. The remainder of the western material is more
or less separated from the eastern one along axis 2.
There is an overlap between the races along axis 2,
which corresponds to the existence of mixed clusters,
äs depicted in Figures l and 2.
The data used for the numerical analyses are
scattered throughout central Europe approximate-
Fig. 3. Reciprocal averaging ordination of the Beneroetum incanae local tables. The centroids of the local tables are plotted. The solid
and dashed lines represent geographical longitude and latitude resp. Füll squares - E race; empty squares - W race; l, 2 - the
Netherlands;3 - Westfalen;5- Karlsruhe;6- Bielefeld;?- Bremen;8- MaindreiecknearOchsenfurt;9- Braunschweig; 10- Hagenow,
Schwanenbeck-Alpenberge, Berlin; 12- Bamberg, Redniz ta l in Bavaria; 15- Brno; 16-Niederösterreich, Burgenland; 17- Bydgoszcz;
19 - western Slovakia; 20 - Bratislava; 22 - the Vychodoslovenskä Nizina Lowland.
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Fig. 4. Dendrogram of complete linkage clustering. For further explanation see Figure 1.
ly within the ränge 53 °N to 48 °N and 5 °E to
22 °E. It might seem that the area of the Berteroe-
tum incanae in Europe is much larger in west-east
direction than in the south-north one, but the
Community is also reported from Bulgaria (Table l,
column 24) and Sweden (Olsson, 1978).
The values for N latitude and E longitude for the
local tables of the Berteroetum incanae s. str. show
a diagonal isoline pattern (Fig. 4). The tables from
Bavaria, Brandenburg, the surroundings of
Braunschweig and Berlin (Table l, columns 8-14)
are considered 'transitionaF äs they are found
where the races meet (Fig. 4). The distribution of
the Berteroetum incanae in Europe is not continu-
ous although the two races are not separated by a
gap. There is a transitional zone between 10° to
13 ° E and 49° to 52 ° N where representatives of the
races co-occur.
If we compare the RA-diagram with the WM
dendrogram we find that the first WM dichotomy
corresponds to the segregation of the clusters along
axis l, and the second one to the segregation along
axis 2 (cf. Figs. l & 3).
Discussion
There are two general opinions concerning the
width of the Berteroetum incanae äs a syntaxon. A
'narrow' concept is promoted by Westhoff & den
Held (1975), Passarge (1964), Pop & Hodis.an
(1970) and to some extent also Soö (1973) and
Mucina (1981 b). In this conception the Melandrio-
Berteroetum (a synonym of the Berteroetum inca-
nae), Verbasco-Berteroetum Passarge 1957, Cen-
taureo diffusae-Berteroetum, and some times also
the Rorippopyrenaicae-Berteroetum Pop et Hodi-
$an form a group of vicarious associations (Pas-
sarge, 1964) or better: an association group (sensu
Westhoff & van der Maarel, 1978). Seybold &
Müller (1972) representing a 'broad' concept in-
clude not only the Verbasco-Berteroetum and Cen-
taureo-Berteroetum, but also the Verbasco-Chon-
drilletum Tillich 1969 into the Berteroetum incanae
s. 1. Our current opinion is intermediate to the
extent that we regard the Centaureo- Berteroetum
äs a separate association. This distinction is kept
also by German and Czechoslovakian authors
(Oberdorfer et al., 1967; Oberdorfer & Müller,
1979; Hejny et al., 1979). Most of the Centaureo-
Berteroetum releves come from Poland. This might
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be a reason why traditionally the releves of the
Berteroetum incanae s.str. are classified under the
Centaureo-Berteroetum (K^pczyriski, 1975; Cza-
plewska, 1980). The Verbasco-Berteroetum and
Rorippo-Berteroetum could not be recognized in
the synoptic table äs separate associations, thus
they were included into the list of Synonyms of the
Berteroetum incanae s.str. The Melandrio-Berte-
roetum and Verbasco-Berteroetum associations
are included into the western race of the Berteroe-
tum incanae, whereas the Rorippo-Berteroetum
association is placed within the eastern race of the
Berteroetum incanae. The Cynoglosso-Berteroe-
tum (Olsson, 1978) from southern Sweden could
not be included in the synthesis because a different
sampling technique was used. Because of the lack of
releves from Hungary and the Balkan Peninsula we
could not confirm the Centaureo micranthae-Ber-
teroetum (Ubrizsy, 1955; seealsoSoö, 1971; Mitite-
lu & Barabas, 1972) äs a regional association.
Ubrizsy inSoö(1971) mentioned Cephalariatrans-
silvanica äs a character-species of the latter unit.
The one releve from Bulgaria (Table l, column 24)
contains a number of submediterranean species. A
reconsideration of the syntaxonomy of the Berte-
roa /«carca-dominated communities in Bulgaria
may be appropriate if more material is available
(see also Mucina, 1979).
Since the first descriptions (Westhoffe; al., 1946;
Sissingh, 1950; Lebrun et al., 1949; Oberdorfer,
1957), äs early äs 1966, (Ubrizsy, 1955; Passarge,
1964; Soö, 1964; Gutte, 1966) the Berteroa incana
communities have been assigned to the Onopor-
dion acanthii. Later, after Görs (1966) had de-
scribed the Dauco-Melilotion, German and Cze-
choslovakian authors considered them äs members
of this newly described alliance (Seybold & Müller,
1972; Oberdörfern al., 1967; Oberdorfer & Müller,
1979; Hejny et al., 1979; Gutte, 1972; Gutte & Hil-
big, 1975; Mucina, 1981b). Only Westhoff & den
Held (1975), and Polish, Roumanian and Hungar-
T ian authors still hold to the idea of the Onopordion
acanthii äs being the higher syntaxon of the Berte-
roetum incanae (cf. Pop & Hodisan, 1970;
' Fijarkowski, 1971; Mititelu & Barabas, 1971, 1972;
Rostanski & Gutte, 1971, Kepczyiiski, 1975; Cza-
plewska, 1980). Until now the Dauco-Melilotion
has not frequently been used in Poland, Hungary
and Roumania. The description of a separate al-
liance Berteroion incanae by Radke (1979) is not
supported by data.
The lower-ranked syntaxa described within the
Berteroetum incanae s.str., namely the Berteroe-
tum incanae medicaginetosum and typicum of Sis-
singh (1950), the Berteroetum incanae, typical var-
iant, and the variant with Salvia nemorosa of
Mucina (1981b) and the Berteroetum incanae ro-
rippetosum pyrenaicae of Pop & Hodisan (1970),
seem to be of very local importance. Like the race of
Salsola kali of the Centaureo-Berteroetum (Gutte,
1972) they do not represent separate units in the
synoptic tables.
Comparing both races of the Berteroetum inca-
nae in terms of species diversity one recognizes a
more general pattern, with a higher species diversity
and higher number of plant associations per al-
liance towards southeastern Europe. This has also
been noted within the Malvion neglectae and Ono-
pordion acanthii (cf. Mucina, 1979, 1981 a). This
holds also for natural Vegetation types, e.g. when
comparing (sub)alpine chalk grasslands or beech
woods of central Europe to those of the Balkan (see
Neuhäusl in Dierschke, 1981). The causes of this
phenomenon have not been appropriately evaluat-
ed yet. One could look for causes in dramatical
florogenetical processes during Pleistocene glacia-
tion which, gave origin to various floral refugia in
eastern Europe, and to diversification centra of
species. Diverse flora migration routes in the Holo-
cene and a lower intensity of human impact upon
the landscape in eastern Europe äs well äs a diversi-
ty of Stands may also be considered.
A question may arise while inspecting the den-
drograms why the first dichotomy does not corres-
pond to the division into the Berteroetum incanae
and Centaureo-Berteroetum. The Centaureo-Ber-
teroetum appeared closer to the eastern race of the
Berteroetum incanae and seemed to be rather a
subunit of the eastern race than a separate associa-
tion. Nevertheless, the Centaureo-Berteroetum is
considered an association due to the high fidelity
value of Acosta diffusa. The species, however, is
weighted by SR the same way äs any other discrim-
inant character. Although there are many good
discriminant characters (differential species) be-
tween the Berteroetum incanae and Centaureo-
Berteroetum, the eastern race of the Berteroetum
incanae and Centaureo-Berteroetum, have a lot of
species in common, since the distribution areas of
both phytocoena are largely the same.
The comparisons between the results of the nu-
merical and syntaxonomical classifications, respec-
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tively (Table2), yield rather low resemblance
values. The differences might be explained by (1)
differing classification criteria adopted in both ap-
proaches, the weighting of certain species (see the
preceding paragraph), and (2) by the fact that the
numerical classifications are based on releves whe-
reas the syntaxonomical treatment is based upon
local tables.
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Appendix
Columns in the synoptic table
Table 1. Berteroelum incanae and Centaureo diffusae- Berleroetum in Europe.
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Berteroetum incanae (D):
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Equisetum aruense I I 2 1
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III (30); Bryum dadium I ( 2D) ;
Berteroetum incanae, Galium mollugo race:
1. Sissingh (1950), The Netherlands, 15
2. Sissingh (1950), The Netherlands, 7
3. Runge (unpubl.), Westfalen (F.R.G.), 3
4. Westhoff (unpubl.), Molsbergen (Denmark), l
5. Th. Müller (unpubl.), Ulm, Soflingen, Krs. Ludwigsburg (F.R.G.), 4
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6. Lienenbecker(1968, unpubl.), vicinity of Bielefeld (F.R.G.). 9
7. Hülbusch& Kuhbier (1979), Bremen (F.R.G.), 2
8. Ul lmann (1977), Maindreieck near Ochsenfurt (F.R.G.), 3
9. Brandes (1977, unpubl.), vicinity of Braunschweig (F.R.G.), 1 1
10. Passarge (1959), Brandenburg, Ost-Mecklenburg (G.D.R.), 11
Berteroelum incanae, Acosta rhenana race:
11. Nezadal (unpubl.), Rednitztal near Nürnberg (F.R.G.), 5
12. Brandes (unpubl.), Bamberg (F.R.G.), 6
13. Passarge (1964, unpubl.), Hagenow, Schwanenbeck-Alpenberge, Berling (G.D.R.), 7
14. Kunick (unpubl.), West Berlin (F.R.G.), 5
15. Grüll (1982), Brno (Czechoslovakia), 4
16. Forstner (unpubl.), Niederösterreich, Burgenland (Austria), 7
17. Kepczyriski(1975), Bydgoszcz (Poland), 15
18. Czaplewska (1980), Aleksandrowie Kuj., Ciechocinek, Nieszawa, Wroclawek (Poland), 8
19. Mucina (1981b, unpubl.), the western part of Slovakia (Czechoslovakia), 21
20. Jarolimek (unpubl.), Bratislava (Czechoslovakia), 20
21. Mucina (unpubl.), the southern part of the Podunajskä Nizina Lowland (Czechoslovakia), 4
22. Mucina & Zaliberovä (unpubl.), the Vychodoslovenskä Nizina Lowland (Czechoslovakia), 10
23. Pop & Hodisan 1970, Valea Somesului Rece (Roumania), 2
24. Mucina (unpubl.), Melnik (Bulgaria), l
Cenlaureo diffusae- Berteroelum:
25. Oberdorfer (1957), Karlsruhe, Mannheim (F.R.G.), 2
26. Th. Müller (unpubl.) , Krs. Ludwigsburg (F.R.G.), 2
27. Kunick (unpubl.), West Berlin (F.R.G.), 2
28. Gutte (1966), vicinity of Leipzig (G.D.R.), 10
29. Rostaiiski & Gutte (1971), WrocJaw (Poland), 4
30. Sowa (1971), Lodz, Tomaszöw Mazowiecki (Poland), 5
31. Fijalkowski (1978), woj. Lubelskie (Poland), 5
t
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